Over 200,000 acres of rolling land in southern California are farmed in a fallow-grain cropping system.
Soil erosion is a problem on this land. In some localized areas yields have declined during dry periods until cropping for grain production was no longer economically feasible. The low fertility status of the soils is a factor in the low production.
A study of the establishment and production of annuals for forage was required before recommendations for changing cropping systems or abandoning the land for farming could be evaluated.
Previous results indicate that considerable risk is involved in fertilizing for grain production where average annual rainfall is less than 10 inches. Martin and Mikkelsen (1960) report that beneficial response of nonirrigated grain to nitrogen application occurred in 29 percent of their tests where rainfall was less than 10 inches. Vegetative growth of plants is increased by application of nitrogen, but the available soil moisture is exhausted and rainfall normally decreases before the crop matures, resulting in reduced grain yields. Increases in forage yield from nitrogen application therefore are more likely to occur under these moisture conditions than increases in grain yield.
The objectives of this study were (a) to increase the yield and quality of forage by applying 
Experimental Plan And Procedures
The 3-year crop rotation used in these studies was barley or oats-pasture-fallow. Wimmera ryegrass was seeded at six pounds per acre and Lana vetch at 15 pounds per acre. All fertilizer for the forage crop was applied with the seed. Nitrogen was used at different rates four years and in combination with phosphate three years. Methods of application were studied one year. Treatments were replicated from two to six times. Except for the 1959-60 crop year, when several tillage and planting methods were compared, no tillage was done prior to seeding the pasture crop.
Yield measurements and chemical analyses were made 122 each year, and in certain years other forage crop measurements were also obtained. Forage samples were obtained by clipping three or more 1/d-milacre areas per plot. Plants were clipped at a height of one inch and dried at 60 "C before weighing.
Results
Dry matter yields of annual forage were obtained over a period of seven years (Table 1) . The average forage yield increase from the application of 35 pounds of nitrogen per acre was 1,220 pounds.
Statistically significant yield increases were obtained in four of five years. Increases were greater during high rainfall years, and ranged from 100 to 250 percent.
The application of phosphate fertilizer with nitrogen had little or no effect on forage yield. Small increases over yields with nitrogen alone in 1956, 1957, and 1958 were not statistically significant.
The application of nitrogen fertilizer has usually been found to influence the crude protein content of the forage produced. Generally, crude protein percentages were increased by nitrogen application in this experiment ( Table 2 ). The average increase with 35 pounds of nitrogen per acre was 0.59 percent. Crude protein of forage on nitrogen-fertilized plots varied from 1.69 percent less to 3.69 percent more than on check plots. Phosphate applied with nitrogen did not have a consistent effect on protein percentage. The 4-year average was 0.92 percent less where phosphate was used.
A more consistent relationship between the application of fertilizer and crude protein in the crop is apparent in the calculated protein yields ( To determine if fertilizer treatments were having a differential effect on the yield of grasses and the legume in the mixture, samples taken in 1960 were separated into two componentsgrasses (which included volunteer barley with Wimmera ryegrass) and Lana vetch. The dry matter yields from plots which were drilled at seeding are presented in Table 3 .
In the unfertilized plots, grass forage constituted 84 percent of the dry matter produced. Where 35 pounds of nitrogen were applied, grass forage was increased to 95 percent. The effect of nitrogen in increasing the grass: vetch yield ratio was manifested by both higher grass yields and lower vetch yields.
Methods of seedbed preparation and planting were studied during the 1960 growing season. Tillage treatments included the following:
(1) no tillage, (2) shallow disking prior to seeding, (3) shallow disking after seeding, and (4) shallow disking both before and after seeding. The two methods of seeding the ryegrass and vetch mixture, used with all tillage treatments, were drilling and broadcasting. After seedling emergence, counts of 123 Drilling was consistently superior to broadcasting with all tillage methods for obtaining a stand of vetch. Shallow disking after broadcasting was benef icial, but did not increase emergence sufficiently to make broadcasting comparable to drilling for p 1 anti n g vetch. Broadcasting with no tillage resulted in the thinnest stand of ryegrass. Disking after planting appeared to be beneficial for ryegrass emergence.
Fertilizer was applied with the seed and methods of planting therefore indicate methods of fertilizer application.
With the exception of the grass on the unfertilized plots, much less total grass and vetch growth was produced on broadcast plots than on drilled plots (Table 5 ).
Since application of fertilizer did not greatly change the ratio of drilled to broadcast vetch yields, reduced emergence on broadcast plots (Table 4) largely accounts for reduced vetch yields on broadcast plots. Yields of fertilized grass on drilled plots were about 50 percent greater than on broadcast plots, while on the unfertilized plots planting methods did not affect yield. More efficient use of fertilizer apparently resulted from the drilled placement with the seed, as compared with broadcasting on the surface. tilization, grasses can be exavailable moisture has a greater pected to dominate vegetative effect on the year-to-year crude growth and ground cover.
The protein percentage in forage increased production obtained than does the application of relawith fertilizer application was tively low rates of applied nitroentirely accounted for by ingen. Dry matter and protein creased growth of grasses. Reyields were directly related to duced legume production in rainfall, but percentage of pro- Table 5 . Relation of forage yields to methods of planting and placement of fertilizer.
